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SYSTEM AND METHOD FOR OPTICAL 
ENDPOINT DETECTION DURING CMP BY 
USING AN ACROSS-SUBSTRATE SIGNAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Generally, the subject matter disclosed herein relates to the 

?eld of manufacturing integrated circuits, and, more particu 
larly, to chemical mechanical polishing (CMP) processes 
used for planariZing process layers, such as metalliZation 
structures, When removing the excess metal using a polishing 
process. 

2. Description of the Related Art 
Typically, the fabrication of modern integrated circuits 

requires a large number of individual process steps, Wherein 
a typical process sequence involves the deposition of conduc 
tive, semiconductive or insulating layers on an appropriate 
substrate. After deposition of the corresponding layer, device 
features are produced by patterning the corresponding layer 
With Well-knoWn means, such as photolithography and etch 
ing. As a consequence, by patterning a deposited layer, a 
certain topography Will be created that also affects deposition 
and patterning of subsequent layers. Since sophisticated inte 
grated circuits require the formation of a plurality of stacked 
layers, it has become standard practice to periodically pla 
nariZe the surface of the substrate to provide Well-de?ned 
conditions for deposition and patterning of subsequent mate 
rial layers. This holds true especially for so-called metalliZa 
tion layers in Which metal interconnects are formed to elec 
trically connect the individual device features, such as 
transistors, capacitors, resistors and the like, thereby estab 
lishing the functionality required by the circuit design. 

In this respect, CMP has become a Widely used process 
technique for reducing “imperfections” in the substrate 
topography caused by preceding processes in order to estab 
lish enhanced conditions for a subsequent process, such as 
photolithography and the like. The polishing process itself 
causes mechanical damage to the polished surface, hoWever, 
in an extremely loW range, i.e., at an atomic level, depending 
on the process conditions. CMP processes also have a plural 
ity of side effects that have to be addressed so as to be appli 
cable to processes required for forming sophisticated semi 
conductor devices. 

For example, recently, the so-called damascene or inlaid 
technique has become a preferred method of forming metal 
liZation layers, Wherein a dielectric layer is deposited and 
patterned to receive trenches and vias that are subsequently 
?lled With an appropriate metal, such as aluminum, copper, 
copper alloys, silver, tungsten and the like. Since the process 
of providing the metal may be performed as a “blanket” 
deposition process based on, for instance, electrochemical 
deposition techniques, the respective pattern of the dielectric 
material may require a signi?cant over-deposition in order to 
reliably ?ll narroW openings and Wide regions or trenches in 
a common deposition process. The excess metal is then 
removed and the resulting surface is planariZed by perform 
ing a process sequence comprising one or more mechanical 
polishing processes, Which also include a chemical compo 
nent. Chemical mechanical polishing (CMP), or generally 
planariZation, has proven to be a reliable technique to remove 
the excess metal and planariZe the resulting surface so as to 
leave behind metal trenches and vias that are substantially 
electrically insulated from each other as required by the cor 
responding circuit layout. Chemical mechanical polishing 
typically requires the substrate to be attached to a carrier, a 
so-called polishing head, such that the substrate surface to be 
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2 
planariZed is exposed and may be placed against a polishing 
pad. The polishing head and polishing pad are moved relative 
to each other usually by individually moving the polishing 
head and the polishing pad. Typically, the head and pad are 
rotated against each other While the relative motion is con 
trolled to locally achieve a target material removal rate for a 
given chemical reaction rate that is substantially determined 
by the composition of the slurry and the characteristics of the 
material(s) to be removed. 
One problem involved in the chemical mechanical polish 

ing of substrates is the very different removal rates of differ 
ing materials, such as of a metal and a dielectric material, 
from Which the excess metal has to be removed. For instance, 
at a polishing state Where the dielectric material and the metal 
are simultaneously treated, i.e., after the major portion of the 
metal has already been removed, the removal rate for the 
metal exceeds the removal rate for the dielectric material. 
This may be desirable, to a certain degree, because all metal 
is reliably ablated from all insulating surfaces, thereby insur 
ing the required electrical insulation. On the other hand, sig 
ni?cant metal removal from trenches and vias may result in a 
trench or via that exhibits an increased electrical resistance 
due to the reduced cross-sectional area. Moreover, the local 
removal rate may signi?cantly depend on the local structure, 
i.e., on the local pattern density of the device features in a 
speci?c die area, Which may result in a locally varying degree 
of erosion of the dielectric material in a ?nal state of the 
polishing process. In order to more clearly demonstrate a 
typical CMP process in the context of a damascene process, 
reference is made to FIGS. 111-1]. 

FIGS. la-lc schematically shoW cross-sectional vieWs of a 
semiconductor structure 150 at various stages in fabricating a 
metalliZation layer according to a typical damascene process 
sequence. 

In FIG. 1a, the semiconductor structure 150 comprises a 
substrate 151 bearing circuit features (not shoWn) and an 
insulating cap layer on Which metal lines are to be formed. A 
patterned dielectric layer 152 is formed over the substrate 151 
and includes openings, for example in the form of narroW 
trenches 153 and Wide trenches 154. The dielectric layer 152 
may also comprise closely-spaced openings 159. The open 
ings for the trenches 153, 159 and 154 are patterned in con 
formity With design rules to establish metal lines exhibiting 
the required electrical characteristics in terms of functionality 
and conductivity. The openings 153, 154 and 159 may repre 
sent device regions of different pattern density, i.e., the num 
ber of device features, such as metal lines to be formed in the 
openings 153, 154, 159, per unit area of the regions substan 
tially de?ned by the respective openings 153, 154, 159, 
respectively, is different. For example, the opening 154, rep 
resenting a Wide trench, may be considered as a region of 
reduced pattern density compared to a region accommodating 
the trenches 159. The deposition of the dielectric material 152 
as Well as the patterning of the trenches 153, 159 and 154 is 
carried out by Well-knoWn deposition, etching and photoli 
tho graphy techniques. 

FIG. 1b schematically depicts the semiconductor structure 
150 after deposition of a metal layer 155, for example a 
copper layer, When sophisticated integrated circuits are con 
sidered. As is evident from FIG. 1b, the topography of the 
metal layer 155 Will be affected by the underlying pattern of 
the dielectric layer 152. The metal layer 155 may be deposited 
by chemical vapor deposition, sputter deposition or, as usu 
ally preferred With copper, by electroplating With a preceding 
sputter deposition of a corresponding copper seed layer. 
Although the precise shape of the surface pro?le of the metal 
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layer 155 may depend on the deposition technique used, in 
principle, a surface shape Will be obtained as shown in FIG. 
1b. 

Subsequently, the semiconductor structure 150 Will be sub 
jected to the chemical mechanical polishing in Which, as 
previously mentioned, the slurry and polishing pad are 
selected to ef?ciently remove the excess metal in the metal 
layer 155. During the chemical mechanical polishing, the 
excess metal is removed and, ?nally, surface portions 158 of 
the dielectric material 152 Will be increasingly exposed, 
Wherein it is necessary to continue the polishing operation for 
a certain over-polish time to ensure clearance of the metal 
from all insulating surfaces in order to avoid any electrical 
shorts or leakage paths betWeen adjacent metal lines. As 
previously mentioned, the removal rate of the dielectric mate 
rial and the metal may differ signi?cantly from each other so 
that, upon over-polishing the semiconductor structure 150, 
the copper in the trenches 153, 159 and 154 Will be recessed. 

FIG. 10 schematically shoWs a typical result of chemical 
mechanical polishing of the structure shoWn in FIG. 1b. As is 
evident from FIG. 10, during over-polishing the semiconduc 
tor structure 150, different materials are simultaneously pol 
ished With different removal rates. The removal rate is also 
dependent to some degree on the underlying pattern. For 
instance, the recessing of the metal lines during the over 
polish time, Which is also referred to as dishing, as Well as the 
removal of the dielectric material, also referred to as erosion, 
is signi?cantly affected by the type of pattern to be polished. 
In FIG. 10, dishing and erosion at the Wide trenches 154, as 
indicated by 157 and 156, respectively, are relatively moder 
ate, Whereas, at the narroW lines 153, dishing 157 and erosion 
156 are signi?cantly increased. For obtaining a required elec 
trical conductivity, circuit designers have to take into consid 
eration a certain degree of dishing and erosion, Which may not 
be compatible With sophisticated devices. 

Therefore, complex control strategies are typically used in 
advanced CMP tools in order to generate in situ measurement 
data for estimating an appropriate end point of the polishing 
process and/or control the uniformity of the polishing pro 
cess. For example, a measurement signal indicative of the 
average layer may be monitored in order to determine the 
average removal rate during the process and/ or to identify an 
appropriate point in time for terminating the process. To this 
end, optical measurement techniques, such as spectroscopic 
ellipsometry or other re?ectivity measurement techniques, 
may be used. Since the optical probing of the substrate sur 
face is dif?cult, due to the nature of the polishing process, 
signi?cant efforts have been made to provide appropriate 
CMP tools comprising optical measurement capabilities. For 
this purpose, appropriately con?gured polishing pads and 
platens have been developed that alloW optical access to the 
substrate surface during polishing. This may be accomplished 
by providing respective transparent WindoWs in the pad. 
Respective optical measurement data may, therefore, be 
obtained for a plurality of dielectric materials and very thin 
metal layers during polishing, thereby enabling e?icient con 
trol and endpoint detection strategies. 

FIG. 1d schematically illustrates a top vieW of a CMP tool 
100 comprising a frame 110 con?gured to accommodate a 
polishing platen 120, a polishing head 130 and a pad condi 
tioner 160, as Well as any respective mechanical, electrical 
and other components for operating the components 120, 130 
and 160. It should be appreciated that the platen 120 is rotat 
ably supported by appropriate drive assemblies (not shoWn) 
that are con?gured to provide a controllable rotation of the 
platen 120 in accordance With process parameters. Similarly, 
the polishing head 130 is con?gured, in combination With 
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4 
suitable mechanical, electrical, hydraulic, pneumatic and 
other components, to receive a substrate, such as the semi 
conductor substrate 151, and to rotate the substrate relative to 
the polishing platen 120 in accordance With the speci?ed 
process parameters, Wherein a speci?c doWnforce may be 
applied to the substrate for obtaining the desired interaction 
With a corresponding polishing pad (not shoWn in FIG. 1d), in 
combination With a suitable slurry substance, such as a 
chemical component and the like. Similarly, the pad condi 
tioner 160 is connected to an appropriate drive assembly in 
order to provide the desired positioning of a respective con 
ditioning surface (not shoWn) above the polishing platen 120, 
thereby alloWing an e?icient reworking of the corresponding 
pad surface in order to enhance uniformity of process condi 
tions throughout the processing of a plurality of substrates. 
The polishing tool 100 further comprises a WindoW 121 
formed in the polishing platen 120 in Which an optical trans 
parent material may be provided to enable optical access of a 
surface to be treated during the operation of the polishing tool 
100. 

FIG. 1e schematically illustrates the polishing tool 100 in a 
schematic cross-sectional vieW, Wherein an optical measure 
ment system 140 is arranged beloW the WindoW portion 121. 
The optical system 140 may be attached to a support member 
141, Which in turn may be mechanically coupled to a drive 
assembly 122 that is con?gured to rotate the polishing platen 
120. The optical system 140 comprises a light source 142 
con?gured to emit a light beam and to direct the same to the 
surface of the substrate 151 that is currently being processed. 
Moreover, the optical system 140 includes a detector 143 
con?gured and arranged to receive a light beam re?ected by 
the surface of the substrate 151. The respective light beams 
may be received through a substantially transparent material 
provided in the WindoW portion 121, as previously explained. 
The light source 142 and the detector 143 are coupled to a 
CMP control unit 101, Which is con?gured to evaluate the 
signal obtained from the detector 143 and, if required, to 
appropriately drive the light source 142. The control unit 101 
is further con?gured to control the drive assembly 122 con 
nected to the polishing platen 120 and also to control a drive 
assembly 123 connected to the polishing head 130. Further 
more, the control unit 101 may control movement of the pad 
conditioner 160. 

During operation of the polishing tool 100, the substrate 
151 may be loaded onto the polishing head 130 on the basis of 
Well-knoWn components, such as robot handlers and the like, 
Wherein the polishing head 130 may itself be con?gured to 
provide the respective substrate handling and transport activi 
ties Within the polishing tool 100. Furthermore, the substrate 
151 loaded onto the polishing head 130 may be brought into 
a respective operating position and the corresponding relative 
motion betWeen the polishing platen, i.e., a respective pad 
124 attached thereto, and the polishing head 130 is estab 
lished on the basis of the drive assemblies 122 and 123. Prior 
to and/or during the relative motion, an appropriate slurry 
substance (not shoWn) is supplied to the surface of the pad 
124, Wherein the slurry material may include a chemical 
agent or any other component for enhancing the overall 
removal rate or providing enhanced surface conditions during 
the corresponding polishing process. The pad conditioner 1 60 
(see FIG. 1d) may be continuously or temporarily in contact 
With the corresponding polishing surface of the pad 124 in 
order to “reWork” the respective surface structure. During 
operation of the polishing tool 100, the WindoW portion 121 
may pass the substrate surface, thereby providing an optical 
response to a light beam provided by the light source 142, 
Which is received by the detector 143, Which may provide a 
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measurement signal to the control unit 101 indicating the 
re?ectance of the surface portion illuminated by the light 
source 142. For example, When removing material of the 
metal layer 155 (see FIG. 1b), an initial re?ectance of the 
layer 155 may be moderately high, due to the optical charac 
teristics of the material of the layer 155 and due to a moder 
ately pronounced overall surface topography obtained after 
the deposition of the layer 155, as previously explained. Upon 
removing material of the layer 155, the initial surface topog 
raphy may be reduced, thereby enhancing the intensity of the 
re?ected light beam, Which may then remain substantially 
stable as long as the entire substrate surface is covered by the 
highly re?ective material of the layer 155. In a ?nal phase of 
the polishing process, surface portions of the substrate 151 
may be increasingly cleared, thereby typically reducing the 
average re?ectivity due to the different optical characteristics 
of the material 152 (FIGS. 1a-1c) compared to the material 
155. Thus, the reduction in re?ectance may be used as an 
indication of the status of the polishing process. 

FIG. 1f schematically illustrates the time variation of a 
measurement signal obtained by the optical sensor system 
140 of FIG. 1e during a ?nal phase of the polishing process. 
As shoWn, the horiZontal axis represents the polish time, 
While the vertical axis indicates the average re?ectance, for 
instance the intensity of the re?ected light beam received by 
the detector 143. Curve A represents the re?ectance values 
over time, Wherein, at a time interval t1, the re?ectance begins 
to signi?cantly decrease, thereby indicating that portions of 
the dielectric layer 152 are being exposed. Thus, during the 
time interval t2, a signi?cant drop of the average re?ectance 
may be observed, Which may ?nally terminate into a tail 
portion of curve A corresponding to an interval t3 and having 
a signi?cantly reduced slope, thereby indicating only minor 
changes in the optical surface characteristics of the layer 152 
in combination With the residues of the metal layer 155. 
During the time interval t3, hoWever, a signi?cant degree of 
dishing and erosion, as indicated by 156, 157 in FIG. 10, may 
occur While other device areas may still require further mate 
rial removal to provide substantially electrically isolated 
metal features, as previously explained. Thus, Within the time 
interval t3, an appropriate point of time te may be identi?ed 
Which may be considered as the end of the polishing process, 
thereby providing the desired electrical isolation of the metal 
feature, While attempting to not unduly over-polish the device 
150. The de?nition of the endpoint of the polishing process 
may therefore have to “cover” the entire process WindoW of 
the polishing process under consideration in order to sub stan 
tially avoid undesired leakage currents caused by non-re 
moved metal residues, While also maintaining device non 
uniformities at a moderately loW level, Which may be caused 
by erosion and dishing effects. HoWever, an appropriate de? 
nition of the endpoint, for instance in combination With 
appropriate process parameters at the ?nal phase of the pol 
ishing process, may be di?icult to be determined, in particular 
When the pattern density across the die regions have a Wide 
distribution, as is, for instance, shoWn With respect to the Wide 
trench 154 and the narroW lines and metal regions 156, 159 
(FIGS. 1a-1c). Consequently, although optical endpoint 
detection provides enhanced process control, sophisticated 
device geometries may result in a less pronounced indication 
of clearance of the entire substrate, thereby possibly requiring 
additional over-polish times, Which may lead to non-unifor 
mities of metal lines With respect to resistivity and surface 
planarity. 

The present disclosure is directed to various methods and 
systems that may avoid, or at least reduce, the effects of one 
or more of the problems identi?ed above. 
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6 
SUMMARY OF THE INVENTION 

The folloWing presents a simpli?ed summary of the inven 
tion in order to provide a basic understanding of some aspects 
of the invention. This summary is not an exhaustive overvieW 
of the invention. It is not intended to identify key or critical 
elements of the invention or to delineate the scope of the 
invention. Its sole purpose is to present some concepts in a 
simpli?ed form as a prelude to the more detailed description 
that is discussed later. 

Generally, the present disclosure relates to polishing tools 
and techniques for enhancing process control during the 
removal of material on the basis of a polishing process by 
using a measurement signal providing information on the 
removal status across a certain radial distance, thereby alloW 
ing the assessment of material removal at various different 
radial positions of the surface to be treated. For example, in 
some illustrative aspects disclosed herein, an appropriate 
measurement signal, for instance in the form of an object 
measurement signal, an electrical signal and the like, may be 
obtained across a die region or, in other illustrative embodi 
ments, across a signi?cant distance of the substrate diameter, 
may be gathered, thereby alloWing the depth determination of 
an endpoint of the removal process With increased accuracy, 
even for sophisticated surface topographies, thereby reducing 
the necessity for providing additional over-polish time, While 
at the same time reducing the risk of affecting device charac 
teristics by remaining material residues, for instance in terms 
of leakage currents betWeen neighboring metal features When 
excess metal of a metal layer or any other conductive material 
is to be removed. 
One illustrative method disclosed herein comprises per 

forming a removal process for removing material from a 
material layer formed above a substrate by moving the sub 
strate relative to a polishing pad, Wherein the substrate com 
prises a plurality of die regions. The method further com 
prises obtaining a measurement signal for each of a plurality 
of measurement positions laterally distributed across the sub 
strate during the removal process, Wherein the plurality of 
measurement positions extend in a lateral direction according 
to a measurement distance that corresponds at least to a lateral 
dimension of one of the plurality of die regions. The method 
additionally comprises determining an endpoint of the 
removal process on the basis of a change of the measurement 
signal from each of the plurality of measurement positions. 
A further illustrative method disclosed herein relates to 

determining an endpoint of a polishing process. The method 
comprises determining a response of a substrate to a probe 
signal for a plurality of radially different measurement posi 
tions. Furthermore, the method comprises determining a time 
variation of the response and indicating the endpoint When the 
time variation of the response is less than a predetermined 
threshold. 
One illustrative polishing system disclosed herein com 

prises a polishing tool comprising a polishing head for receiv 
ing a substrate and a polishing platen, Wherein the polishing 
tool is con?gured to establish a relative motion betWeen the 
polishing head and the polishing platen. The polishing system 
further comprises a detection system con?gured to provide a 
probe signal and to receive a response to the probe signal 
during the relative motion. Moreover, the polishing system 
comprises a control unit operatively connected to the polish 
ing tool and the detection system and con?gured to control the 
polishing tool and the detection system to obtain the response 
to the probe signal for a plurality of radially different mea 
surement positions. Furthermore, the control unit is con?g 
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ured to monitor a time variation of the response for the plu 
rality of measurement positions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure may be understood by reference to the 
following description taken in conjunction With the accom 
panying drawings, in Which like reference numerals identify 
like elements, and in Which: 

FIGS. la-lc schematically illustrate cross-sectional vieWs 
of a semiconductor device during various manufacturing 
stages in forming an advanced metalliZation structure using a 
CMP process for removing excess material; 

FIGS. ld-le schematically illustrate a top vieW and cross 
sectional vieW, respectively, of a conventional polishing tool 
including an optical endpoint detection system for providing 
an averaged re?ectance curve used to identify clearance of a 
surface to be treated, according to conventional strategies; 

FIG. 1f schematically illustrates a respective measurement 
signal indicating the re?ectance of a metal surface during a 
?nal phase of the polishing process in order to determine an 
appropriate endpoint, according to conventional techniques; 

FIG. 2a schematically illustrates a cross-sectional vieW of 
a portion of a polishing tool comprising a detection system for 
obtaining a position-dependent measurement signal for esti 
mating the degree of clearance in different radial positions, 
according to illustrative embodiments; 

FIG. 2b schematically illustrates a top vieW of a semicon 
ductor substrate including a plurality of die regions, Wherein 
a plurality of radially different measurement positions may be 
evaluated during a polishing process, according to illustrative 
embodiments; 

FIG. 20 schematically illustrates a plurality of measure 
ment signals obtained during different phases of a polishing 
process, Wherein each measurement signal represents a com 
bination of measurement values obtained from radially dif 
ferent measurement positions, according to illustrative 
embodiments; 

FIGS. 2d-2e schematically illustrate various con?gura 
tions of a control unit used in the polishing tool of FIG. 2a in 
order to determine an appropriate endpoint for a polishing 
process, according to illustrative embodiments; 

FIG. 2f schematically illustrates a combined measurement 
signal during various stages of the polishing process, Wherein 
each combined measurement signal comprises position-de 
pendent information With respect to a plurality of radially 
different measurement positions in the form of a Fourier 
transformed measurement signal, according to further illus 
trative embodiments; and 

FIG. 2g schematically illustrates the polishing tool accord 
ing to still further illustrative embodiments in Which, addi 
tionally or alternatively to an optical detection system, a 
detection system may be provided in Which inductive and/or 
capacitive coupling to the surface to be treated may be used. 

While the subject matter disclosed herein is susceptible to 
various modi?cations and alternative forms, speci?c embodi 
ments thereof have been shoWn by Way of example in the 
draWings and are herein described in detail. It should be 
understood, hoWever, that the description herein of speci?c 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
to cover all modi?cations, equivalents, and alternatives fall 
ing Within the spirit and scope of the invention as de?ned by 
the appended claims. 

DETAILED DESCRIPTION 

Various illustrative embodiments of the invention are 
described beloW. In the interest of clarity, not all features of an 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
actual implementation are described in this speci?cation. It 
Will of course be appreciated that in the development of any 
such actual embodiment, numerous implementation-speci?c 
decisions must be made to achieve the developers’ speci?c 
goals, such as compliance With system-related and business 
related constraints, Which Will vary from one implementation 
to another. Moreover, it Will be appreciated that such a devel 
opment effort might be complex and time-consuming, but 
Would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 
The present subject matter Will noW be described With 

reference to the attached ?gures. Various structures, systems 
and devices are schematically depicted in the draWings for 
purposes of explanation only and so as to not obscure the 
present disclosure With details that are Well knoWn to those 
skilled in the art. Nevertheless, the attached draWings are 
included to describe and explain illustrative examples of the 
present disclosure. The Words and phrases used herein should 
be understood and interpreted to have a meaning consistent 
With the understanding of those Words and phrases by those 
skilled in the relevant art. No special de?nition of a term or 
phrase, i.e., a de?nition that is different from the ordinary and 
customary meaning as understood by those skilled in the art, 
is intended to be implied by consistent usage of the term or 
phrase herein. To the extent that a term or phrase is intended 
to have a special meaning, i.e., a meaning other than that 
understood by skilled artisans, such a special de?nition Will 
be expressly set forth in the speci?cation in a de?nitional 
manner that directly and unequivocally provides the special 
de?nition for the term or phrase. 
The subject matter disclosed herein addresses the issue of 

increased device non-uniformity and/or performance degra 
dation caused by sophisticated CMP processes, providing an 
advanced in situ process monitoring on the basis of a mea 
surement signal, providing increased reliability in detecting 
an endpoint of the removal process. As previously explained, 
complex polishing processes for removing excess material 
and planariZing the surface topography may require a precise 
control of the status of the removal process, in particular at the 
?nal phase, to enable a desired substantially complete 
removal of non-desired material residues While at the same 
time not unduly over-polishing device regions in Which the 
material may have already been removed due to a difference 
in surface topography, non-uniformity of a preceding depo 
sition process and the like. For example, during the removal 
of excess metal, such as copper, in sophisticated metalliZation 
systems of a semiconductor device, a reliable monitoring of 
the remaining amount of copper material at the ?nal phase of 
the removal process may be important so as to obtain a reli 
able endpoint detection indication Without undue non-unifor 
mity of the resulting metal features, While at the same time 
maintaining leakage currents betWeen adjacent metal features 
at a required loW level. For this purpose, an appropriate end 
point detection signal, such as an optical signal, an electrical 
signal and the like, may be obtained from a plurality of 
laterally different measurement positions so that information 
may be obtained and evaluated With respect to the status of the 
material removal process, thereby enabling a more reliable 
identi?cation of a substantially complete clearance of the 
surface under consideration. For example, by obtaining an 
appropriate measurement signal from a plurality of measure 
ment positions distributed across a lateral dimension of a die 
region, the substantially complete clearance of the die region 
may be estimated more reliably since the various areas of the 
die region may be assessed individually, Which may therefore 
enable the appropriate determination of an appropriate end 
point, for instance by monitoring the time variation of the 
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signal or signal portions related to the respective laterally 
different measurement positions. In other illustrative embodi 
ments, a signi?cant portion of the lateral extension of the 
substrate may be monitored in this manner, for instance 
across a radius or the entire diameter of the substrate, depend 
ing on the overall measurement strategy, thereby even 
enabling the determination of an appropriate endpoint signal 
in vieW of across-substrate non-uniformities, Which may 
result from previous processes or from the removal process 
itself. That is, upon monitoring endpoint signals at various 
radial positions across a signi?cant portion of the substrate 
diameter, non-uniformities of the initial layer thickness and/ 
or of locally varying removal rates across the substrate diam 
eter may be detected and hence the endpoint detection signals 
may be used for de?ning an appropriate endpoint of the 
removal process, While maintaining an over-polishing of 
respective device regions at a moderately loW level. Further 
more, in some illustrative embodiments, the locally resolved 
endpoint detection signal may be used for adapting process 
parameters during the processing of subsequent substrates, 
for instance by adjusting the local removal rate on the basis of 
the previously obtained spatially resolved endpoint detection 
signal. That is, When the locally resolved endpoint detection 
signals may indicate an early clearance of the substrate center 
for any substrates still to be processed, a preceding deposition 
process and/or the removal process may be controlled to 
provide increased uniformity, that is, the initial deposition 
thickness may be increased at the substrate center and/ or the 
local removal rate may be reduced at the substrate center on 
the basis of the locally resolved endpoint detection signal. 
Consequently, the endpoint detection techniques disclosed 
herein may provide superior control of each individual pol 
ishing process and may also provide enhanced overall process 
and device uniformity by providing feedback measurement 
data for the processing of further substrates still to be pro 
cessed, for instance by depositing a material layer and 
removal excess material thereof by a removal process, such as 
CMP, electro-CMP and the like. 

It should be appreciated that the subject matter disclosed 
herein may be applied to polishing tools, such as (electro) 
chemical mechanical polishing tools and the like, used for the 
fabrication of highly complex semiconductor devices, such as 
CPUs, memory chips and the like, in Which the surface topog 
raphy has to be planariZed on a regular basis for providing the 
required surface conditions for subsequent processes, such as 
lithography processes and the like. In illustrative embodi 
ments, advanced metalliZation structures may be formed, as 
is, for instance, described With reference to FIGS. 1a-1c, in 
order to electrically connect circuit elements, such as transis 
tors and the like, having critical dimensions of approximately 
50 nm and less. Hence, in this case, sophisticated device 
geometries may be encountered in Which pattern density may 
vary signi?cantly across a die region, While also, due to the 
fabrication of substrates of increased diameters, such as 300 
mm, 450 mm and the like, across-substrate non-uniformities 
may occur. The subject matter disclosed herein may also be 
applied to any situation in Which polishing tools may be used, 
at least temporarily, for the removal of any materials, such as 
conductive materials, insulating materials and the like, from 
respective substrate surfaces, Wherein undue over-polishing 
may have to be suppressed While at the same time reliably 
removing unWanted portions of the material under consider 
ation. Thus, unless speci?cally pointed out in the speci?ca 
tion or the appended claims, the subject matter disclosed 
herein should not be considered as being restricted to polish 
ing processes for forming metalliZation layers. 
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FIG. 2a schematically illustrates a cross-sectional vieW of 

a portion of a polishing tool 200, Which may represent a CMP 
tool, an electro-CMP tool, or any other polishing tool and the 
like. The polishing tool 200 may comprise a frame, a plurality 
of drive assemblies and the like, as is similarly explained With 
reference to the polishing tool 100. The polishing tool 200 as 
illustrated may comprise a polishing head 230 con?gured to 
receive a substrate 251 Which may have a surface to be pol 
ished, as is, for instance, described above and Which is also 
described With reference to the semiconductor device 150. 
Furthermore, a polishing platen 220 may comprise a polish 
ing pad 224 Which, in the embodiment shoWn, may have a 
WindoW portion 221 con?gured to enable optical access of a 
portion of the surface of the substrate 251 by means of a 
detection system 240. Thus, in the embodiment shoWn, the 
detection system 240 may comprise a light source 242, Which 
is to be understood as any appropriate radiation source for 
delivering electromagnetic radiation Which may extend 
beyond the visible range, depending on the overall process 
requirements. Thus, the light source 242 may provide an 
appropriate beam 242a having the desired characteristics, for 
instance With respect to Wavelength, divergence and conver 
gence, respectively, polariZation, and the like. Moreover, the 
detection system 240 may comprise a detector or receiver 243 
con?gured to obtain a response signal 24311, for instance in 
the form of an optical signal and the like. The detection 
system 240 may be con?gured to create, in combination With 
the overall con?guration of the polishing tool 200, for 
instance the WindoW portion 221 and the control unit 201 for 
obtaining the response 24311 in a spatially resolved manner to 
enable the detection of a response of an exposed surface 
portion of the substrate 251 to the probing signal 242a, as Will 
be discussed later on in more detail. 
The detection system 240 may further comprise a control 

unit 245 con?gured to at least receive a signal 243!) indicative 
of the response signal 243a received by the detector 243. For 
example, the signal 243!) may represent an electrical signal 
corresponding to at least one characteristic of the measure 
ment signal 243a, such as an intensity of a speci?c Wave 
length range or a speci?c polariZed portion and the like. As 
Will be discussed later on in more detail, the detection system 
240 may comprise, in addition or alternatively to optical 
components for probing an exposed portion of the substrate 
251 by an optical probe signal, other components, such as 
components for determining in a locally resolved manner an 
inductive and/or capacitive coupling caused by the current 
status of the substrate surface to be treated. The control unit 
245 may be con?gured to receive the signal 243!) and to 
extract information relating to the polishing status of the 
substrate 251 for at least some gradually different measure 
ment positions. Furthermore, the control unit 245 may further 
be con?gured to estimate the time variation of the position 
dependent information extracted from the signal 243b, 
thereby enabling the identi?cation of an appropriate endpoint 
of a polishing process, Which may be signaled to the control 
unit 201 by means of an endpoint detection signal 24511. To 
this end, the control unit 245 may include a time variation 
estimator 246 Which may be con?gured to monitor the pro 
gression in time of at least one characteristic of the informa 
tion for each of the different radial measurement positions in 
order to identify a state in Which the time variation is less than 
a prede?ned threshold, thereby indicating a substantially 
stable condition of the respective measurement position. 

FIG. 2b schematically illustrates a device 250 Which may 
represent any appropriate substrate 251 in combination With 
a plurality of die regions 250A, Which may represent func 
tional entities that may have to be separated in a later manu 
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facturing stage. For instance, the die regions 250A may rep 
resent integrated circuits, or any other microstructure 
features, including sophisticated individual elements, such as 
circuit elements and the like. For example, the device 250 
may represent the device 150 as previously explained, in 
Which the die regions 250A may receive a material layer on 
the basis of a pronounced surface topography, Which may 
have to be planariZed by removing excess material of the 
material layer on the basis of the polishing tool 200. In some 
illustrative embodiments, the device 250 may represent a 
semiconductor device receiving a metalliZation structure, as 
is described With reference to FIGS. 1a-1c. That is, the sub 
strate 251 may have formed thereon the material layer 152 
With respective openings, such as the openings 154, 153, 159, 
folloWed by a metal layer, such as the layer 155. In other 
cases, any other appropriate material layers may be formed 
Within the die regions 250A according to speci?ed design 
rules for the device 250. Typically, the die regions 250A may 
be arranged in accordance With a speci?ed grid, Wherein the 
number of the individual die regions 25 0A may depend on the 
siZe of the substrate 251 and the required siZe for each of the 
die regions 250A. 

Referring to FIGS. 2a and 2b, upon operation of the pol 
ishing tool 200, the substrate 251 may be attached to the 
polishing head 230 so that the die regions 250A, having 
formed thereon the material layer, such as the layer 155, may 
come into contact With the polishing pad 224. Furthermore, 
appropriate polishing parameters, such as relative speed 
betWeen the pad 224 and the substrate 251, and a doWnforce, 
in combination With the characteristics of a slurry material, 
may be selected in accordance With process requirements, as 
previously explained. Depending on the overall con?guration 
of the polishing tool 200, i.e., the detection system 240 may 
be attached to the platen 220 or may represent a stationary 
con?guration, the probe signal 242a may be generated in an 
appropriate manner so as to alloW a scanning of a plurality of 
radially different positions across the substrate 251.As is, for 
instance, shoWn in FIG. 2b, the detection system 240 may 
provide the probe signal 242a so as to “probe” a plurality of 
positions 244 across a signi?cant distance 244A along a 
radial direction of the substrate 251. It should be appreciated 
that the plurality of radially different measurement positions 
244 may not necessarily be arranged along a substantially 
straight line as indicated in FIG. 2b, but may actually repre 
sent any radial position, Which may also include an averaging 
of positions around a circle or a section of a circle correspond 
ing to the respective radial distance under consideration. That 
is, depending on the overall scan strategy in obtaining the 
response 24311 from the plurality of measurement positions 
244, the radial distance may be adjusted, for instance, by 
appropriately varying the position of the polishing head 230, 
as indicated by the arroW 230A, While the radial position 
230A may be maintained for a certain time interval, thereby 
obtaining the response 243a along a section of a circle, due to 
the rotational movement of the platen 220. If desired, by 
providing suf?ciently short time intervals for obtaining the 
response 24311 at a speci?c radial position, a substantially 
“point-like” measurement position may be de?ned, if the time 
interval for taking the response 24311 is signi?cantly smaller 
than the corresponding circumferential speed of the “mea 
surement point” under consideration. For example, by taking 
into consideration the relative speed betWeen the substrate 
251 and the platen 220, if desired, a substantially straight line 
of radially different measurement positions 244 may be 
achieved. That is, the frequency of obtaining a response 
Within a short time interval for a speci?c radial position may 
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12 
be matched With a frequency With Which a speci?ed die 
region is exposed by the WindoW portion 221. 

In one illustrative embodiment, the measurement distance 
244A extends at least across one die region 250A, thereby 
enabling the detection of the polishing status across at least 
one die region 250A, Which may enable the identi?cation of 
an appropriate endpoint of the polishing process for the 
respective die region 250A. For example, a representative die 
region 250A may be selected in advance, Which may provide 
an appropriate endpoint detection signal, Which may also be 
representative of the other die regions 250A if across-sub 
strate non-uniformities are considered less relevant. In other 
illustrative embodiments, the measurement distance 244A 
may extend across a plurality of die regions 250A and may, in 
some illustrative embodiments, span at least the radius of the 
substrate 251. This may be advantageous to obtain respective 
information across the entire substrate 251, if the individual 
measurement positions 244 may be averaged over one sub 
stantially complete rotation of the substrate 251, since, in this 
case, each of the positions 244 may represent the averaged 
status of a complete circle, the radius of Which may corre 
spond to the lateral position under consideration. In other 
illustrative embodiments, the time interval for taking the 
response 243a may be signi?cantly less compared to the 
relative rotational speed of the substrate 251 and, in this case, 
appropriate measurement positions 244 may be obtained 
across the entire diameter of the substrate 251. 

FIG. 20 schematically illustrates a plurality of responses 
243B, represented by respective curves A, B, C, D, each of 
Which may thus represent a combined response for the plu 
rality of laterally different measurement positions 244. That 
is, each of the curvesA, B, C, D may represent a characteristic 
indicating the current status of the removal process for each of 
the plurality of measurement positions 244. In the embodi 
ment illustrated in FIG. 20, the plurality of measurement 
positions 244 may extend substantially across the entire sub 
strate diameter and may be provided With high spatial reso 
lution, Which may be illustrated as a substantially continuous 
distribution of the respective characteristic versus the radial 
position. For example, each of the curves A, B, C, D may 
represent the re?ectance the corresponding radial measure 
ment position 244 for an incoming optical beam, such as the 
probe signal 242a (FIG. 2a), Wherein, if required, the re?ec 
tance may be determined on the basis of the intensity for a 
speci?ed Wavelength range, for a speci?ed polarization and 
the like. Hence, the plurality of curves A, B, C, D may rep 
resent the time progression of the response 243B so that curve 
A may represent the spatially resolved response for a certain 
“point in time,” While curve B may represent the response at 
a later “point in time.” It should be appreciated that “point in 
time” is to be understood as a time interval required for 
obtaining the responses for each of the plurality of laterally 
different measurement positions 244. That is, each of the 
curves A, B, C, D represents a combined response including 
the positional information of the response Within a time inter 
val, Which may be considered short compared to the overall 
polishing time and also compared to a ?nal phase of the 
polishing process. Consequently, due to the increased spatial 
resolution of the responses 243B, a variation of the clearance 
behavior at the ?nal phase of the polishing process may be 
identi?ed With respect to the substrate 251 as a Whole, When 
a signi?cant portion of the lateral dimension is covered by the 
measurement distance 244A, and also of the individual die 
regions 250A, When at least a plurality of measurement points 
244 are Within the lateral dimensions of the individual die 
regions 250A. For example, as indicated by curves A, B, C, 
When the re?ectance becomes increasingly smaller due to the 
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increasing degree of clearance, as previously explained With 
reference to the layers 155 and 152 (FIGS. 1b and 10), it may 
be recognized that the re?ectance at a sub strate center may be 
less compared to the substrate edge, thereby indicating that, 
in general, more exposed portions may be provided in the 
substrate center. This may be caused by an initial non-unifor 
mity of the deposited layer and/or by a speci?c non-unifor 
mity of the polishing process itself. On the other hand, curve 
D, Which may represent the response 243B at a very late stage 
of the polishing process, may provide a substantially uniform 
re?ectance on a global scale of the substrate 251, Wherein also 
a certain degree of ?ne structure may be included, Which may 
correspond to a difference in pattern density Within the indi 
vidual die regions 250A, as previously explained. Conse 
quently, by monitoring the time variation of the response 
243B, the current status of the polishing process may be 
estimated and an appropriate endpoint may be identi?ed, for 
instance by determining a substantially non-changing behav 
ior of the pattern Within the curves A, B, C, D, Which may 
therefore indicate that a time varying composition of the 
spatially varying re?ectance may have ended. That is, the 
pattern, i.e., the various peaks and troughs in the response 
243B for a cleared substrate, may have a constant distribution 
caused by the die grid and the pattern structure Within the 
individual dies and the relative motion betWeen the platen 220 
and the substrate 251. HoWever, prior to actually clearing the 
surface under consideration, a time varying distribution may 
be superimposed on the substantially constant distribution, 
due to the increasing degree of clearance, Which may be 
different at different lateral positions, as previously 
explained. Thus, upon identifying a substantially constant 
pattern or distribution of the response 243B, an appropriate 
point in time may be identi?ed in Which a desired degree of 
clearance may be achieved While avoiding any additional 
over-polish time, Which may be required in conventional 
strategies, as previously explained. 

In one illustrative embodiment, the time variation of the 
response 243B may be monitored by selecting at least some 
intervals Which may correspond to peak values and the like 
and to monitor the time variation of these intervals, Wherein 
an endpoint may be determined When the time variation for 
each of the selected intervals is less than a prede?ned thresh 
old. For example, a plurality of peak values may be identi?ed 
in the curves A, B, C for a plurality of different substrate 
positions and the time variation of these peaks may be used 
for identifying a substantially time-invariable behavior of 
each of the respective intervals or peaks. 

FIG. 2d schematically illustrates the control unit 245 
according to one illustrative embodiment in Which the above 
described mechanism may be implemented. As illustrated, 
the control unit 245 may comprise a section 245B for receiv 
ing the response 243B in any appropriate format and provide 
a position-dependent signal or distribution, for instance in the 
form of the curves A, B, C, D as previously illustrated With 
reference to FIG. 20. The section 245B may be coupled to a 
position veri?cation unit 245C, Which may receive position 
sensitive information, for instance from the control unit 201 
(FIG. 2a), Which may also control the relative motion 
betWeen the substrate 251 and the platen 220. For example, 
the response 243B may be provided as a substantially con 
tinuous signal, Wherein the section 245C may provide a cor 
responding radial position associated With a speci?c value or 
value range of the response 243B, thereby providing position 
dependent information in the section 245B. The information 
generated in the section 245B may be supplied to the section 
245A con?gured to determine the time variation of the posi 
tion-dependent information supplied by the section 245B. For 
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example, as previously explained, a time derivative may be 
determined for speci?c intervals of the position-dependent 
information, for instance for respective peaks of the curves A, 
B, C, D. That is, for a speci?c radial position, the respective 
values associated With this position, such as the re?ectance 
values and the like, may be monitored and a derivative of the 
corresponding “time function” may be determined. This may 
be performed for a plurality of peaks, thereby enabling the 
detection of a substantially stable behavior, as previously 
indicated. For example, a comparator 245D may be provided 
Which may compare the respective time variation values, such 
as With derivatives, With a speci?c threshold to determine a 
“stable” con?guration. 

FIG. 2e schematically illustrates the control unit 245 
according to still further illustrative embodiments in Which 
the position-dependent information provided by the section 
245B may be supplied to a Fourier transformation section 
245E, Which may provide a “frequency” distribution of the 
position-dependent information. That is, the Fourier transfor 
mation section 245E may provide the “spatial” frequencies 
contained in the position-dependent information, Wherein the 
respective frequency distributions at different times may be 
compared in the comparator 245D to determine a substan 
tially stable behavior of the spatial frequency components 
included in the position-dependent information. The provi 
sion of the Fourier transformation section 245E may enable 
enhanced identi?cation of spatial frequency components, 
thereby also alloWing enhanced monitoring of the time pro 
gression of these frequency components. That is, upon the 
intermediate ?nal phase, a plurality of frequency components 
may still be present in the response, Which may “vanish” 
When a substantially stable degree of clearance is achieved. 
Thus, upon monitoring the overall frequency distribution and 
in identi?cation of a substantially stable shape thereof, the 
endpoint of the removal process may be identi?ed With high 
accuracy. 

FIG. 2f schematically illustrates corresponding frequency 
distribution provided by the Fourier transformation section 
245E during various points in time. At the left-hand side of 
FIG. 2], a typical endpoint detection signal S corresponding 
to a conventional strategy is illustrated, as also described With 
reference to FIG. 1e, While the right-hand side represents a 
frequency distribution A corresponding to a point in time as 
indicated by the circle and the graph of the right-hand side 
illustration of the conventional endpoint detection signal. 
Thus, in this phase, a plurality of spatial frequency compo 
nents, as indicated by A1, A2, A3, may be present in the 
signal, Which may become increasingly smaller and ?nally 
vanish at a later time, represented by curve D. Thus, curve D 
may represent the substantially completely cleared substrate 
surface and may therefore indicate an appropriate endpoint of 
the polishing process. It should be appreciated that a respec 
tive curve D may be obtained by performing experiments and 
providing a “smooth distribution” to enhance the identi?ca 
tion of an appropriate endpoint on the basis of comparing the 
reference signal With respective measured signals, such as is 
illustrated by curve A. In other cases, a speci?c difference 
betWeen subsequent frequency distributions may be deter 
mined and may be compared With a threshold so as to de?ne 
a suf?cient degree of stability of the corresponding frequency 
distribution, thereby indicating an appropriate endpoint of the 
polishing process. 

In some illustrative embodiments, the position-dependent 
information, for instance represented by the frequency distri 
butions A, D, may also be used for estimating characteristics 
of the removal process under consideration. For example, 
using one or more of the intervals A1, A2, A3, a pattern 
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depending removal rate may be determined While de?ning 
respective intervals in the position-dependent distribution, as, 
for instance, shown in FIG. 20, a local removal rate may be 
determined, thereby also obtaining information on the char 
acteristics of the removal process. For instance, as previously 
explained, a respective position-dependent removal rate may 
be used for controlling the polishing process, While also a 
pattem-dependent removal rate or any other characteristic 
extracted from the responses 2431) may also be used for 
controlling one or more process parameters, such as doWn 
force, relative speed and the like. Furthermore, the condition 
ing of the pad 224, possibly in combination With monitoring 
the characteristics of the slurry material, may also be estab 
lished on the basis of respective information obtained by the 
position-dependent response 24319. For instance, identifying 
a signi?cant change of the pattem-dependent removal rate, 
for instance increase of the removal rate above device regions 
having an increased pattern density, may be used for identi 
fying a change of the overall process conditions, for instance 
With respect to the conditioning ef?ciency of the polishing 
pad 224 and/or the composition of the slurry material, the 
temperature thereof and the like. 

It should be appreciated that the position-dependent 
response 243!) may be obtained on the basis of a tool con?gu 
ration, as may also be used in conventional strategies, 
Wherein, additionally, the response 2431) obtained by the 
detection system 240 may be associated With the current 
radial position across substrate 251, as previously explained. 
In other cases, the detection system 240 may be appropriately 
adapted to alloW obtaining information associated With dif 
ferent radial positions, for instance by using appropriate scan 
regimes, using additional Window portions, appropriately 
scanning the probe signal 242a and the like. 

FIG. 2g schematically illustrates the polishing tool 200 
according to still further illustrative embodiments in Which, 
additionally or alternatively to light source 242 and the detec 
tor 243, the detection system 240 may comprise a system 246 
for providing inductive and/or capacitive coupling betWeen 
the substrate 251 and a sensor 247. In one illustrative embodi 
ment, the system 246 may comprise an excitation component 
for creating eddy currents in a surface area of the substrate 
251, Wherein the amount of eddy currents may depend on the 
amount of conductive material that is present in the vicinity of 
the sensor element 247. Thus, in this case, the response 2430 
may, additionally or alternatively, contain information of the 
degree of inductive and/or capacitive coupling to the surface 
to be treated, Which may also be provided in the form of 
position-dependent information, as previously explained. For 
this purpose, the measurement of the sensor 247 may be 
associated With a corresponding position information that is 
related to the current position of the substrate 251 With respect 
to the platen 220 and thus to the sensor 247. Thereafter, the 
signal processing may be performed at the control unit 245 in 
a similar manner as explained above for the response 24319. It 
should be appreciated that, if essentially dielectric materials 
have to be treated during the removal process, a capacitive 
coupling may be measured Which may vary depending on the 
amount of dielectric material present in the vicinity of the 
sensor element 247. Also, in this case, a respective signal 
evaluation may be performed to identify an appropriate end 
point. As illustrated, in some illustrative embodiments, an 
optical response and a response obtained by inductive and/or 
capacitive coupling may be combined to even further enhance 
the overall reliability of the respective endpoint detection. 
As a result, the subject matter disclosed herein provides 

polishing tools and respective methods for operating the 
same, Where a response to a probe signal may be obtained 
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With increased spatial resolution, thereby enabling a more 
reliable detection of an endpoint. For this purpose, the 
response of different radial measurement positions may be 
evaluated With respect to the time variation thereof to deter 
mine the end of the removal process for a plurality of different 
positions, thereby enabling a substantially complete removal 
of unWanted material While substantially avoiding undue 
over-polishing of other device regions. The techniques dis 
closed herein may be advantageously applied to the formation 
of sophisticated metalliZation regimes and may also be used 
for evaluating the removal mechanism. Furthermore, the 
position-dependent information may also be used for control 
ling the removal process and/or a preceding deposition pro 
cess in order to reduce the overall process non-uniformity, for 
instance by identifying a position-dependent point of time of 
clearance of the respective device regions, Which may be used 
for appropriately adjusting the local removal rate and/or the 
local deposition rate. 
The particular embodiments disclosed above are illustra 

tive only, as the invention may be modi?ed and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the bene?t of the teachings herein. For example, 
the process steps set forth above may be performed in a 
different order. Furthermore, no limitations are intended to 
the details of construction or design herein shoWn, other than 
as described in the claims beloW. It is therefore evident that 
the particular embodiments disclosed above may be altered or 
modi?ed and all such variations are considered Within the 
scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims beloW. 

What is claimed: 
1. A method, comprising: 
performing a removal process for removing material from 

a material layer formed above a substrate by providing 
relative movement betWeen said substrate and a polish 
ing pad, said substrate comprising a plurality of die 
regions; 

obtaining a measurement signal for each of a plurality of 
measurement positions laterally distributed across said 
substrate during the removal process, said plurality of 
measurement positions extending in a lateral direction 
according to a measurement distance that is at least as 
large as a lateral dimension of at least one of said plu 
rality of die regions; 

forming a common measurement signal comprising said 
measurement signal for each of the plurality of measure 
ment positions and position-dependent information 
associated With each of the plurality of measurement 
positions; 

monitoring a time progression of said common measure 
ment signal; and 

determining an endpoint of said removal process on the 
basis of a change of said measurement signal from each 
of said plurality of measurement positions. 

2. The method of claim 1, Wherein said measurement dis 
tance approximately equals a radius of said substrate or more. 

3. The method of claim 1, Wherein said measurement signal 
represents an optical signal. 

4. The method of claim 3, Wherein said optical measure 
ment signal represents a re?ectance of a respective measure 
ment position of said plurality of measurement positions in 
response to an optical probe signal directed to said respective 
measurement position. 

5. The method of claim 1, Wherein said measurement signal 
represents an electromagnetic signal created by at least one of 
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inductive and capacitive coupling of a respective one of said 
plurality of measurement positions With an electromagnetic 
probe signal. 

6. The method of claim 1, further comprising identifying 
one or more peak values of said combined measurement 
signal and determining a change in time of said one or more 
peak values. 

7. The method of claim 6, Wherein determining a change in 
time of said one or more peak values comprises monitoring a 
derivative of said one or more peak values. 

8. The method of claim 6, Wherein said endpoint is identi 
?ed When the change in time for said one or more peak values 
is less than a predetermined threshold. 

9. The method of claim 8, Wherein said endpoint is identi 
?ed When the change in time for said one or more peak values 
is substantially Zero. 

10. The method of claim 1, further comprising determining 
a distribution of frequency components in said common mea 
surement signal and monitoring said distribution of fre 
quency components over time to determine said endpoint. 

11. The method of claim 1, further comprising selecting a 
speci?ed spatial interval of said combined measurement sig 
nal and estimating at least one characteristic of said removal 
process on the basis of a temporal development of said speci 
?ed spatial interval. 

12. The method of claim 11, Wherein said at least one 
characteristic comprises at least a local removal rate of said 
removal process. 

13. The method of claim 10, further comprising selecting a 
speci?ed frequency interval of said combined measurement 
signal and estimating at least one characteristic of said 
removal process by analyzing said speci?ed frequency inter 
val. 

14. A method for determining an endpoint of a polishing 
process, the method comprising: 

determining a response of a substrate to a probe signal for 
a plurality of radially different measurement positions; 

forming a common measurement signal comprising said 
determined response at each of the plurality of measure 
ment positions and information associated With a radius 
at each of the plurality of radially different measurement 
positions; 

determining a time variation of said common measurement 
signal; and 

indicating said endpoint When said time variation of said 
common measurement signal is less than a predeter 
mined threshold. 

15. The method of claim 14, Wherein determining a time 
variation comprises determining a plurality of peak values in 
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18 
said common measurement signal and determining a time 
variation of said plurality of peak values. 

16. The method of claim 14, Wherein determining a time 
variation comprises performing a Fourier transformation on 
said common measurement signal and determining a time 
variation of at least some Fourier components. 

17. The method of claim 14, Wherein said response is 
obtained at least for a radial distance that corresponds to a 
lateral dimension of a die region formed in said substrate. 

18. The method of claim 17, Wherein said radial distance 
corresponds to approximately a radius of said substrate or 
more. 

19. The method of claim 14, Wherein said probe signal is an 
optical signal. 

20. The method of claim 14, Wherein said probe signal is an 
electromagnetic signal con?gured to couple With said plural 
ity of radially different measurement positions by at least one 
of inductive and capacitive coupling. 

21. A polishing system, comprising: 
a polishing tool comprising a polishing head for receiving 

a substrate and a polishing platen, said polishing tool 
being con?gured to establish a relative motion betWeen 
said polishing head and said polishing platen; 

a detection system con?gured to provide a probe signal and 
to receive a response to said probe signal during said 
relative motion; and 

a control unit operatively connected to said polishing tool 
and said detection system and con?gured to control said 
polishing tool and said detection system to obtain said 
response for a plurality of radially different measure 
ment positions, form a common measurement signal 
comprising said determined response at each of the plu 
rality of measurement positions and information associ 
ated With a radius at each of the plurality of radially 
different measurement positions, and to monitor a time 
variation of said common measurement signal. 

22. The polishing system of claim 21, Wherein said control 
unit is further con?gured to determine a time derivation of a 
plurality of peak values contained in said common measure 
ment signal. 

23. The polishing system of claim 21, Wherein said control 
unit is further con?gured to determine a Fourier transformed 
response from said common measurement signal. 

24. The polishing system of claim 21, Wherein said detec 
tion system comprises a generator for providing said probe 
signal as an optical signal and an optical receiver for receiving 
said response as an optical response. 

* * * * * 


